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@ Abstract: The aim of this study was to establish the importance of the
macrofauna as food for young fish species that inhabit the infralittoral adjacent
to the lower marsh. The sampling site is located at Arrozal, Cananéia lagoon
estuarine region (25°02’S and 47°56'W) and the collectings were realized
monthly, during a year. The results suggest that the studied area could be
considered as a nursery ground for young fish species. The local macrofauna
is composed mainly by several groups of crustaccans and has a marked
tempmalvanamn.Mymdswcrcdomnanthpnng,copcpodsmSumm,
mysids and bivalves were co-dominants in the Autumn and amphipods in
Winter. Mysids, copepods, ostracods, tanaids and other epifaunal crustaceans
were more consumed than other items. According to the trophic habits, the
twelve fish species could be divided into three groups: the first and the third
as mysids and copepods eaters respectively, and the second group with a
balanced diet reflecting more than the other groups the seasonal variation of
the macrofauna collected by the dredge. Benthonic and
organisms were considered the major food source, being consumed by 75%

of the analysed fish species, in Cananéia infralittoral.

® Resumo: O objetivo do presente trabalho foi avaliar a importincia da
macrofauna do infralitoral, adjacente a marisma do Arrozal, regido de
Cananéia, na dieta alimentar de doze espécies de peixes jovens. De acordo
com os resultados obtidos, a regidio pode ser considerada um bergério
para muitas espécies de peixes. A macrofauna local € composta
principalmente de crusticeos e apresenta uma acentuada variagao temporal.
Misid4ceos foram dominantes na primavera, copépodes no verao, misiddceos
e bivalves foram co-dominantes no outono e anfipodes no inverno. Misid4ceos,
copépodes, ostracodes, tanaidiceos e outros crusticeos epifaunais foram
mais consumidos pelos peixes macropredadores que outros itens. Os
peixes capturados foram divididos em trés grupos,dcaaorﬂo com os hébitos
troficos: comedores de rms1déccos, comedores de copépodes e
gencrahstas que refletin a varlagao sazonal da macrofauna. Setenta e
cinco por cento das espécies de peixes predadores alimentaram-se de
orgamsmos benténicos e bentopeldgicos e vinte e cinco por cento de
organismos peldgicos. Assim, no infralitoral de Cananéia - Arrozal os
organismos bentbnicos e bentopeldgicos constituem a principal fonte
alimentar de peixes jovens.

@ Descriptors: Crustaceans, Salt marshes, Nursery grounds, Predators, Dominant
species, Stomach content, Cananéia, Sao Paulo, Brazil.

® Descritores: Crustdccos, Marismas, Bercarios, Predadores, Espécies dominantes,
Contetido estomacal, Cananéia: SP, Brasil.
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Introduction

The fauna living around estuarine marsh vegetation
could represent necessary or supplementary food items
for the local fish fauna and other predators.

At estvarine regions, particularly in areas of
macrophyta growing emphasis has been given to their
role as nurseries ground for juvenile fishes
(Livingston, 1982; Poxton ef /., 1983; Boddeke et al,
1986; Raffaelli & Milne, 1987; Hettler Jr., 1989).

Recently Lasiak (1984), Jones (1986), Dauvin
(1988), Brewer et al. (1991) have published
considerable information on the infralittoral area. They
focused their studies on the macroinvertebrates
species composition and evaluated the importance of
these species as food for predators, especially fishes.
Manooch III (1977) examined red porgy feeding habit
from South and North Carolina and grouped its food
items into three categories: benthic, semibenthic and
nektonic. As for the southern coast of Brazl
Capitoli (1982) analysed the trophic relationships
among benthic-demersal species, Asmus (1984)
studied the structure of the community of Ruppia
maritima; Castello (1985) dealed with ecological data
of the local consumers and Bemvenuti (1987)
converged his study to the experimental analysis of the
benthic community. In the same field of study,
Corbisier (1989) assessed the effect of predator
exclusion in the structure of the association of
Halodule wrighti in SE coast of Brazil.

Studies on benthic infralittoral of Cananéia
lagoon estuarine region, have received scant
attention. Tommasi (1970) and Guzmén-Carcamo (1980)
are the only works published and they take into account
the composition of the fauna, but do not mention the
importance of this fauna as prey. On the other hand,
most of the studies on fish feeding habits were usually
done by examining stomach contents only, with no
concern to the structure of the benthic community.
Although several authors in Brazil have worked on
fish feeding habits only Mishima & Tangi (1982) and
Oliveira & Soares (1991) studied species from
Cananéia region, but they also have not analysed
the relation between fish feeding and the local
macrofauna.

So, the present study aimed at answering the
questions: 1 - is the infralittoral close to the lower marsh
used as nursery ground by juvenile fishes of Cananéia
region ? 2 - what is the composition of the local fauna
and does it undergo temporal fluctuations changes ? 3 -
what is the role of each faunal component for the
macropredator species of fish ? 4 - what is the rate of
predation imposed by each species on
benthonic/benthopelagic or pelagic organisms ?

Studied area

The area is located at Arrozal, Cananéia on the
southern coast of Siao Paulo State (25°02'S-47°56'W)
(Fig. 1). Information concerning physical, chemical,
geological and climatological data of Cananéia lagoon
estuarine region has been recorded by several authors
(Besnard, 1950; Garcia-Occhipinti, 1959; 1963;
Magliocca & Kutner, 1964; Miyao, 1977; Tessler,
1982; Mishima et al, 1985; Miyao et al., 1986).
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Fig. 1. Map of Cananéia lagoon estuarine region
showing the collecting site Arrozal.

A complete description and characterization of
the system are given by Schaeffer-Novelli et al
(1990). According to the authors the region
undergoes a wide climatic variation. The mean annual
water temperature is 23.8°C. The mean depth is
about 6.0 m in the Mar de Cananéia, but it can reach
up to 20 m.

Hydrographical data of water sampler collected, at
Arrozal, during the studied period revelead as
minimum and maximum values of water temperature,
salinity and dissolved oxygen as following: 20.0°C -
32.0°C; 25.94 - 32.51 and 3.86 ml/l - 5.98 m/1.
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Reise (1985) recorded thatin the sheltered coast of
the tropics, mangroves replace saltmarshes or both may
occur simultaneously. This is the case of Cananéia with
its 90 km? of coast dominated mainly by mangroves,
most of them bordered in front by a narrow belt of
saltmarsh. Arrozal is a sheltered shore with one of the
largest marshes in the region (Takeda, 1988), its
low-marsh extending down towards the infralittoral.
Here plants of Spartina altemiflora appear in a very
low density sparcely arranged, their roots diminishing
the mobility of the sediment and their leaves providing
shelter from waves and tidal currents for the
organisms living there. The depth of the surveyed area
was. between 1-3 m (Fig. 2).
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Fig. 2. Schematic figure in profile of the
sampling area. Arrozal - Cananéia (LT =
low tide, HT = high tide).

Material and methods

Water temperature, dissolved oxygen and salinity
were recorded at each sampling. Dissolved oxygen
was analysed according to Strickland & Parsons
(1968) and salinity was determined using a hand
refractometer.

The infralittoral macrofauna was surveyed with a
small dredge once a month during August/81 - July/82.
The sampling gear (Fig. 3) consisted of a steel
framework weighing about 5.5 kg and a nylon bag
with 0.5 mm stretch mesh fixed from the inside.
Fifteen-minutes tows were made at each 15 m long
transect, perpendicularly to the water line. Six
transects were sampled monthly corresponding to
approximately 360 m?. Fishes were captured using a
16 m casting net towed from the boat (height 3 m and
3 cm stretch mesh) and a 15 m set net, 1.30 m height
and 2 cm stretch mesh.

Fig. 3.Schematic drawing of the sampling dredge.

Macrofaunal sampling was washed through a sieve of
500 micra mesh size and preserved in 70% alcohol. The
fauna was sorted under a binocular microscope and
specimens of each group were counted. After
capture, fishes were preserved in an ice bag until
transferred to the laboratory. There, species
identification, measurements of length and weight
were determined for each specimen. Stomachs were
removed, labeled and preserved in 6% formalin. The
preserved material was drained, washed intap water and
stored in 70% alcohol. Stomachs were dissected out
longitudinally and the contents placed in a bowl for
examination using a binocular microscope. Both full
and empty stomachs were counted. Food items were
identified to the group level (different level of taxon).
Since some foods were partially digested and usually
crushed by fish teeth, the exact number of each taxon,
in some cases, could not be determined. For numerical
analyses and presentation of the results, some
uncountable items such as plants and bryozoans were
not considered. Partially destroyed fragments were
estimated and included in the conntings being each
fragment considered as one specimen. Results of
each macrofauna category contained in the digestive
tracts of fishes were tabulated and given as
percentual frequency of occurrence.

For the analyses and presentation of data, monthly
samples were grouped as follows: Spring (October
- December); Summer (January - March); Autumn
(April - June) and Winter (July - September).

Relative frequency of occurrence (%) was obtained
by dividing the number of stomachs containing the
specific item by the total number of each fish
species. For quantitative analyses onmly fish species
with at least two specimens in average, collected in
each sample were considered, according to Jackson
index (1972).
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Euclidian distance was used as measurement to
analyse similarity among fish species according to
prey items within the stomach contents. To organize the
variables into groups, average linkage was employed.
Morisita index and WPGMA were used in order to
define groups according to prey habitat.

Results

The organisms densities in number of
individuals360 m? are summarized in Table 1.
Crustaceans with 13 groups plus larvae of decapods

Table 1. Density of organisms collected at Arrozal,

were the most well represented among all sampled
groups. A total of 28,442 organisms representing 24
groups of flora and fauna were identified. Mysids
accounted for 824% of all individuals. Figure 4
shows the faunal-composition during the study period.

Though most of these groups were present
throughout  the year, marked fluctuations were
evident, as shown in Figure 5. During the Spring
mysids reached 983% of the total fauna. Other
groups such as nemerts, gastropods, bivalves,
polychaetes, ostracods, copepods, dendrobranchiates,
caridean shrimps, anomuran and brachyuran crabs,

Cananéla (SP) (number of individuals/360 m?)
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Copepoda 221%
Bivalvia 207%
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Others 5.76%

Coelenterata

Nemertinea Ghemura
o Brachyura
ematoda Decapoda (larvae)
Gastropoda Cumacea
Polychaeta
y Tanaidacea
Ostracoda Isopoda
Cirripedia Sipuncula
Dendrobranchiata P
o Chaetognata
aridea Pisces

Thalassinidea

Fig. 4. Percentual composition of the fauna sampled during August/81 - July/82 at Arrozal.
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Fig. 5. Faunal composition during the annual seasons.
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larvae of decapods, isopods, amphipods, chaetognaths
and fishes occurred in frequencies lower than 1.0%.
In Summer, copepods were predominant,
polychaetes, caridean shrimps, bivalves and mysids
being well represented. In the Autumn, bivalves and
mysids were co-dominants with a frequency around
20% each. During the Winter amphipods were
dominant followed by mysids.

Thirty macropredators fish species with 874
individuals were collected. The species and number
of specimens examined, their sizes and weight,
frequency of occurrence and vacuity index can be
observed in Table 2.

Cluster analysis based on the similarity of food
items yielded three coherent groups at a 57% similarity
level (Fig. 6). The diet composition of each group is
displayed in Figure 7.

Each group components are listed bellow:

- group 1 - Micropogonias furnieri Oligoplites sp,
Symphurus jenynsii and Stellifer stellifer feeding mamg
on mysids; -

- group I - Eucinostomus sp, Haemulom sp,
Harengula jaguana, Isopisthus parvipinnis and
Sphoeroides pachygaster having a more balanced

et;
- group I - Anchoviella brevirostris, Opisthonema
oglimum and Cathorops spixii feeding mainly on

copepods.

Table 2. Number of specimens, length, weight, frequency of occurrence and vacuity index of

the 30 fish species

Species Number of Length Weight Vacuity

spec imens (cm) (g) index

Anchoa spinifera 1 14.3 20.0 0.00
Anchoviella brevirostris* 29 6.2 - 11.0 3.0 - 11.0 0.00
Cathorops spixii* 64 10.0 - 19.8 12.0 - 39.5 0.08
Centropomus sp 7 16.8 - 24.5 45.0 - 167.0 0.14
Cetengraulis sp 6 10.4 - 35.0 10.0 - 35.0 0.00
Chloroscombrus crysurus 4 7.4 - 8.0 5.0 - 8.0 0.25
Cynoscion leiarchus 10 11.5 - 30.0 17.0 - 267.0 0.30
Diplectrum radiale 2 15.0 - 18.3  46.0 - 8.0 0.00
Eucinostomus sp* 3 8.0 - 13.0 5.0 - 25.0 0.22
Eugerres sp 1 8.0 8.0 0.00
Gobius sp 4 9.5 165 13.0 - 40.1 0.00
Haemulon sp* 26 9.0 - 12.0 9.0 - 23.0 0.38
Harengula jaguana* 54 10.0 - 12.0 10.0 - 20.0 0.11
Isopisthus parvipinnis* 62 10.9 - 17.2 11.0 - 48.0 0.48
Lycengraulis grossidens 2 1.2 - 12.2 10.0 - 14.0 0.00
Lytjanus sp 2 8.4 - 9.2 9.0 - 10.0 0.00
Macrodon ancylodon 2 12.4 20.0 0.50
Menticirrhus americanus 8 12502115 17.5 - 100.0 0.25
Micropogonias furnieri* 17 7.0 - 17.0 4.5 - 51.0 0.1
Nebris microps 3 11.0 - 17.0 16.0 - 39.0 0.00
Oligoplites sp* 84 6.7 - 14.0 .0 - 21.0 0.27
Opisthonema oglimum* 30 9.8 - 12.9 10.0 - 25.0 0.00
Paralonchurus brasiliensis 9 16.0 - 18.5 30.0 - 55.0 0.00
Pelloma hcrroweri 6 9:2 = 1.0 7-0- 110.5 0.17
Pomatomus saltator 1 17.5 45.0 0.00
Prionotus sp 2 8.5 - 11.0 6.5:=1k12.5 0.50
Symphurus jenynsii* 30 6.5 - 18.0 3.0 - 49.0 0.13
Sphoeroides pachygaster* 21 7.8 - 27.0 8.0 - 238.0 0.15
Stellifer stellifer* 155 9.5 - 17.0 10.0 - 30.0 0.41
Xenomelaniris brasiliensis 7 11.4 - 12.8 11.0 - 15.0 0.43

* = Species analysed quantitatively
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food items in the stomach of twelve fish
species (3 = Cathoropsis spixii, 22 =
Opisthonema oglimum, 2 = Anchoviella
brevirostris, 13 = Harengula jaguana, 14 =
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19 = Micropogonias furnieri 29 = Stellifer
stellifer and 21 = Oligoplites sp).
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Considering the 30 fish species mysids were
utilizied by 18 species, caridean shrimps by 17,
dendrobranchiates by 14, amphipods by 14, polychaetes
by 12, tanaids by 12 and copepods by 10 species of fish
(Table 3).

Table 3. Food items and number of fish
species, totalizing thirthy species, feeding on
them (B = benthic, BP = benthopelagic
and P = pelagic)

Habitat Number of
Food items classification fish species
Diatomacea P 1
Macroalgae B 3
Plants (except algae) B 2
Gastropoda B &
Bivalvia B 5
Cephalopoda P 2
Polychaeta B 13
Ostracoda BP 6
Copepoda P 9
Copepoda - Harpacticoidea B 1
Cumacea B 1
Dendrobranchiata BP 15
Caridea B 16
Thalassinidea B 6
Brachyura B 4
Decapoda (larvae) P 5
Euphausiacea P 2
Mysidacea BP 19
Tanaidacea B 12
Isopoda B 6
Amph ipoda B 13
Insecta 1
Bryozoa B 1
Chaetognatha P 5
Pisces P 7

Algae, cnidarians, nemerteans, barnacles, anomuran
crabs and sipunculids were collected by the dredge but
not found in the stomach contents. On the other hand,
diatoms, plants, euphausiaceans, insects and bryozoans
were found in the stomach contents analysis but were
not sampled by the dredge.

The comparison between the macrofauna sampled
and the stomach contents of each group of fish
obtained by similarity analysis shows that only the

components of group II have a diet reflecting the
seasonal changes in the local macrofauna, presenting
maximal abundance of mysids during Spring,
copepods during Summer and epifaunal crustaceans
(except tanaids) in Autumn and Winter in the
stomach contents coinciding with the environmental
maximum abundance of each group (Fig. 9). The
components of group I, present maximal abundance of
mysids in the stomach contents during Spring and
Autumn while in the environment mysids are most
abundant just in Spring. The components of group I
present maximal abundance of copepods in the
stomach contents in Spring, Autumn and Winter, while
in the environment copepods are most abundant just in
Summer. The components of groups I and III tend to
stick to their preferred food item (Fig. 8 and 10). Fishes
of the three groups analysed were persistent
throughout the study period. Fishes of group I were the
most abundant, showing maximal densities in Winter
and minimal in Summer, while those of group II
followed the same pattern, but were not so abundant.
Fishes of group III presented maximal abundance in
Winter, its abundance remaining almost constant during
the rest of the year (Fig. 11).

Analysis of similarity of prey habitats allowed the
grouping of the fishes into benthonic feeders (Cathorops
spixii, Eucinostomus sp, Sphoeroides pachygaster),
benthopelagic feeders (Haemulon sp, Isopisthus
parvipinnis, Micropogonias  fumieri, Oligoplites sp,
Prionotus sp and Stellifer stellifer) and pelagic
feeders (Anchoviella brevirostris, Harengula jaguana
and Ophisthonema oglimum) (Fig. 12).

Result in Table 4 shows that 75% of the total fish
species tended to feed on benthic/benthopelagic
organisms and only 25% on pelagic organisms, in
Cananéia infralittoral region,

Discussion

Habitats in shallow and sheltered waters with grassy
bottoms, saltmarshes and seagrass beds, are considered to
supply adequate protection and food resources for many
juvenile fish (Subrahmanyam & Drake, 1975; Weinstein,
1979; Heck Jr. & Orth, 1980; Boesh & Turner, 1984). The
utilization of such habitats by juvenile fishes seems to be
based on their capacity of providing shelter from
predators and numerous food items, particularly small
crustaceans, which in turn utilize the plant detritus as their
basic food. Huerta-Craig* (pers. commun.) has recorded
about 123 fish species in Cananéia region and
Zani-Teixeira (1983) lists 68 species caught at Trapandé

(*) Huerta-Craig, L. D. (1992) - Instituto Oceanogrifico da USP.
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Bay, locatedin the same region. Inany case, juvenile
of at least 30 species that were captured in the Arrozal use
the infralittoral region adjacent to lower marsh
habitat, as nursery ground or space for foraging.

We are cognizant of the limitations of the used
methodology, such as macrofauna sampling by a dredge,
more effective for the epifauna than for the infauna;
fishing with a casting and set net; the use of the device
including fragments in the food items account; elimination
of uncountable organisms of the dredging samples as
plants and bryozoans. So, these data do not represent a
precise quantitative assessment of fish feeding, but would
rather be used as indicator of the relative predation on the
local fauna. The estimative of food item fragments by
counting parts of specimens was used also by Houston &
Haedrich (1986).

The macrofauna sampling during the period of the
study revealed that crustaccans were the most well
represented in terms of number of groups. Besides,
the groups mysids, copepods and amphipods were the
most abundant during certain seasons. Although
mysids were present throughout the year, their

presence in Spring was conspicuous and consequently,
the prey item most readly available and consumed by
the fishes of groups I and II. Metamysidopsis elongata
atlantica, the most numerous species in the
dredging and in fish stomach contents in
Cananéia, coincidently revealed its maximum in Spring,
according to Almeida Prado (1973). Furthermore, the
present data showed that crustaceans are the most
abundant group of the fauna.

Table 4. Number of individuals of benthonic (B),
pelagic (P) and benthopelagic (BP)
organisms in the stomach contents of
twelve fish species

Fishes Number of organisms

B P BP

Anchoviella brevirostris 28 N7 7
Harengula jaguana 16 665 2
Opisthonema oglimum 10 1622 2
Cathorops spixii 4027 73 40
Eucinostomus sp 121 1 1
Sphoeroides pachigaster 66 1 1
Stellifer stellifer 4t 27 2256
Haemulon sp 44 1 116
Isopisthus parvipinnis 10 9 26
Micropogonias furnieri 319 2 3100
Oligoplites sp 8 1035 2725
Symphurus jenynsii 16 2 818

Concerning the three trophic habits fish groups, the
first and the third prefer respectively mysids and
copepods and the second, the largest one with a
rather balanced diet, following the seasonal variation
of the fauna. The differences observed within diets of
fish may result from the influence of several factors
related to prey and predators such as morphology,
activities, distribution and abundance and those as
availability and acessibility related to the prey. In
relation to predation on benthic macrofauna, the
epifaunal crustaceans and tanaids were more predated
than the infauna as molluscs and polychaetes. This fact
has already been considered by Richards (1963) for
demersal juvenile fishes. Orth et al. (1984) and
Pollard (1984) in their studies on faunal communities
in seagrass beds found that, infauna is generally more
protected against predation than epifauna and
therefore of minor importance for the fish diet.

The present data revealed differences in fish food
preferences but even so predation was heaviest on a
very limited number of groups as mysids, copepods
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and the epifaunal crustaceans as amphipods, isopods
and infaunal tanaids. The relative percentage of the
composition of food items within the stomachs give
sign that fish consume less than available in the site.
According to Currin et al. (1984) 75% of organisms
present on the marsh surface are not utilized as
food in their adult size but only as larvac and
juveniles. Some fish consume commonly occurring
preys (Wyche & Shackley, 1986), while others
eat their preferential item at disposal. Besides,
Moody (1950) and Chao & Musick (1977) have
found that ubiquitous and very abundant prey items
as mysids may serve as important food supply for young
fishes.

Miller & Dunn (cit. in: Kennedy (1980)) reported
that juvenile Scianidae are trophic generalists and
could feed on harpacticoid and calanoid copepods,
mysids and  epibenthos. Moody (1950) studying
young specimens of Cynoscion nebulosus found
that their diet consisted of copepods, mysids, carid
shrimp and small fishes. Pollard (1984) made some
general statements on trophic relationships and
one of them was that small crustaceans inhabiting
the seagrass were important for the local fish
communities.

The twelve fish species, in terms of prey habits
revealed to be feeder of benthonic (three
species), benthopelagic (six species) and pelagic (three
species) organisms.

Our results from Cananéia infralittoral region -
Arrozal suggest that benthonic and benthopelagic
organisms are the major source of food being
consumed by 75% of the macropredator fishes.
Besides this fact, these fishes are numerically more
abundant than those pelagic feeders.

Conclusions

The infralittoral region near lower marsh at the
Arrozal - Cananéia lagoon estuarine region can be
considered as a nursery ground for young fish species.

Crustaceans were the best represented among the
local macrofauna, being mysids, copepods, epifaunal
crustaceans as amphipods, isopods and infaunal
tanaids the most heavely predated groups.

Although the data would be used only as indicator
of the relative predation on the macrofauna, because
of limitations of the used methodology, we can say
that benthonic and benthopelagic organisms are the
major food source consumed by75% of the fish species
while only 25% of them are pelagic feeders.
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